Purpose: To investigate the effects of SLC4A11 gene depletion in human corneal endothelial cells. Methods: To achieve stable downregulation of SLC4A11 gene expression in immortalized human corneal endothelial cells (HCECs), short-hairpin RNA (shRNA) targeted against SLC4A11 was used. Cell growth and viability were determined using the real-time cell analyzer and trypan blue staining respectively. Apoptosis was investigated by Annexin V and TUNEL assays. Alterations in apoptotic gene expression following SLC4A11 silencing were determined using the RT(2)Profiler PCR array for human apoptosis while activation of the apoptotic pathway was ascertained by western analysis. Results: SLC4A11 silencing in HCECs could be achieved by stable expression of shRNA targeted against SLC4A11. SLC4A11 knockdown suppressed HCEC growth and reduced HCEC viability compared to the control. This reduction in cell growth is associated with increased apoptosis in SLC4A11-silenced cells. Conclusions: Our data suggest that the reduction of cell number with time in SLC4A11-depleted HCECs is due to an increase in cell death by apoptosis. This suggests that SLC4A11 is necessary for cell survival and may explain the pathologic corneal endothelial cell loss in endotheliopathies due to SLC4A11 mutations. To confirm the expression of monocarboxylate transporters (MCT) 1, 2, and 4 in rabbit CE and to test the hypothesis that cellular buffering contributed by HCO₃⁻, NBCe1, and carbonic anhydrase (CA) activity facilitates lactate-H⁺ efflux thereby controlling corneal hydration in vivo. METHODS: MCT1-4 expression of rabbit endothelium was examined by Western blotting and immunofluorescence staining. Lactate-induced acidification (LIA) was measured in perfused CE in the presence and absence of HCO₃⁻ and acetazolamide (ACTZ) using tissue treated with siRNA specific to MCT1, 2, and 4. Corneal thickness and lactate concentration were measured in New Zealand White rabbits treated with the topical CA inhibitor Azopt, and from eyes that were injected intracamerally with ouabain, disodium 4,4'-diisothiocyanatostilbene-2,2'-disulfonate (DIDS), and shRNA specific to the 1Na⁺:2HCO₃⁻ cotransporter NBCe1. RESULTS: MCT1 and MCT4 are localized to the lateral membrane, while MCT2 is apical. Cell pH measurements showed LIA in response to 40 mM lactate in bicarbonate free (BF) Ringer's that was inhibited by niflumic acid and by MCT siRNA knockdown, and significantly reduced in the presence of HCO₃⁻. Lactate-dependent proton flux in vitro was not significantly greater in the presence of HCO₃⁻ or reduced by ACTZ. (ROS). ROS have been implicated in endothelial cell loss during aging or in endothelial dystrophies. In this study we examined the anti-oxidative role of mitochondrial superoxide dismutase (SOD2) in corneal endothelial cells. METHODS: SOD2 expression was examined by RT-PCR and western blot analysis in fresh rabbit corneal endothelium (RCE) and cell cultures. SOD2 activity, total reactive oxygen species (ROS), mitochondrial ROS, mitochondrial membrane potential (MMP), and apoptotic levels were examined in untreated, SOD2 siRNA and viral vector shRNA treated RCE cells. Scrambled siRNA and shRNA sequence targeting non-mammalian genes were used as controls. RESULTS: SOD2 is expressed in both fresh and cultured rabbit corneal endothelium. SOD2 expression was reduced by ~80%-90% in cultured RCE using either siRNA or shRNA approaches. SOD2 activity was decreased by ~70%-80% for both approaches. Total cell ROS was significantly increased in shSOD2 lentivirus treated cells (9%±6%) relative to control transduction (0.4%±0.1%). MitoSOX™ staining for mitochondrial ROS in siSOD2 treated RCE cells was dramatically increased. Two minutes of UV irradiation increased total ROS levels by 15%, whereas in shSOD2 treated cells UV induced ROS was increased 29%±5% (p<0.05). MMP was reduced in shSOD2 viral treated cells by 66%±3%, significantly greater than in control transduced cells (15%±8%, p<0.05). Apoptosis increased by 1.5 fold in shSOD2 virus treated samples compared with scrambled virus and untreated cells. CONCLUSIONS: SOD2 is expressed in both fresh and cultured rabbit corneal endothelium. siRNA and shRNA approaches are able to efficiently knockdown SOD2 expression and reduce enzyme activity in RCE cells. Decreased SOD2 activity causes elevated ROS production, mitochondrial membrane potential loss and early cell apoptosis. These results indicate that SOD2 is a significant anti-oxidative enzyme in RCE cells. hypoxic swelling through the coupled transport of water, salt, and respiratory metabolites. Aerobic and anaerobic consumption of glucose, as well as acidosis and pH buffering, are incorporated in a seven-layer corneal model (anterior chamber, endothelium, stroma, epithelium, postlens tear film, contact lens, and prelens tear film). Corneal swelling is predicted from coupled transport of water, dissolved salts, and especially metabolites, along with membrane-transport resistances at the endothelium and epithelium. At the endothelium, the Na + /K + -ATPase electrogenic channel actively transports bicarbonate ion from the stroma into the anterior chamber. As captured by the Kedem-Katchalsky membrane-transport formalism, the active bicarbonate-ion flux provides the driving force for corneal fluid pump-out needed to match the leak-in tendency of the stroma. Increased lactate-ion production during hypoxia osmotically lowers the pump-out rate requiring the stroma to swell to higher water content. Concentration profiles are predicted for glucose, water, oxygen, carbon dioxide, and hydronium, lactate, bicarbonate, sodium, and chloride ions, along with electrostatic potential and pressure profiles. Although the active bicarbonate-ion pump at the endothelium drives bicarbonate into the aqueous humor, we find a net flux of bicarbonate ion into the cornea that safeguards against acidosis. For the first time, we predict corneal swelling upon soft-contact-lens wear from fundamental biophysicochemical principles. We also successfully predict that hypertonic tear alleviates contactlens-induced edema. Copyright © 2011 Elsevier Ltd. All rights reserved. , disodium 4,4'-diisothiocyanatostilbene-2,2'-disulfonate (DIDS; anion transport inhibitor), or with NBCe1-specific small interfering (si) RNA-treated cells. RESULTS: MCT1, 2, and 4 are expressed in BCEC. MCT1 was localized to the lateral membrane, MCT2 was lateral and apical, while MCT4 was apical. pH(i) measurements showed significant lactate-induced cell acidification (LIA) in response to 20-second pulses of lactate. Incubation with niflumic acid significantly reduced the rate of pHi change (dpH(i)/dt) and lactate-induced cell acidification. EIPA inhibited alkalinization after lactate removal. Lactate-dependent proton flux was significantly greater in the presence of HCO 3 -but was reduced by ACTZ. Efflux of endogenously produced lactate was significantly faster in the presence of HCO 3 -, was greater on the apical surface, was reduced on the apical side by ACTZ, as well as on the apical and basolateral side by NBCe1-specific siRNA, DIDS, or EIPA. 21693119. The corneal endothelium is responsible for maintaining the hydration of the cornea. This is through a "Pump-Leak" mechanism where the active transport properties of the endothelium represent the "Pump" and the stromal swelling pressure represents the "Leak". For the "Pump", Na , and carbonic anhydrase activity are required. Several basolateral (stromal side) anion transporters, apical (facing the aqueous humor) ion channels and water channels have been identified that could support a model for ion secretion as the basis for the endothelial pump, however evidence of sustained anion fluxes, osmotic gradients or the need for water channels is lacking. This has prompted consideration of other models, such as Electro-osmosis, and consideration of metabolite flux as components of the endothelial pump. Although the conditions under which the "Pump" is supported are known, a complete model of the endothelial "Pump" has yet to emerge. Copyright © 2011 Elsevier Ltd. All rights reserved. METHODS: Lentiviruses with NBCe1 shRNA and GFP expression cassettes were injected intracamerally. Knockdown efficacy was determined 1 week to 4 weeks later by immunofluorescence, Western blot analysis, and PCR. Functional effects were monitored by corneal thickness (CT) and brinzolamide sensitivity. RESULTS: Within 24 hours there was a modest anterior chamber inflammation that resolved within 48 hours. At 4 × 10(6) IFU, more than 95% of the corneal endothelial surface showed GFP fluorescence above background within 7 days. At 14 to 21 days, signs of anterior chamber inflammation reemerged, and endothelial cell GFP fluorescence disappeared within 40 days after injection. The second phase of inflammation could be avoided by using GFP-less viruses. There was no significant difference in CT between scrambled sequence and NBCe1 shRNA-injected eyes over 3 weeks. Two drops of 1% brinzolamide produced 7.85% ± 3.3% corneal swelling within 5 hours of topical instillation. However, in corneas showing more than 25% NBCe1 knockdown (30 of 42 rabbits; 59% ± 15% knockdown), corneal swelling was significantly higher (10.1% ± 2.9%) relative to control eyes. CONCLUSIONS: FIV-based lentiviral vectors can transfect CE with shRNA in rabbits. The response to GFP is consistent, with previous studies showing the production of anti-GFP antibodies. Partial knockdown of NBCe1 did not affect baseline CT, which is consistent with the corneal endothelium having a substantial functional reserve. Provocative testing using, brinzolamide, however, revealed an underlying deficiency, confirming the importance of NBCe1 bicarbonate transport and demonstrating the concerted action between NBCe1 and carbonic anhydrases. METHODS: BCECs and bovine vascular endothelial cells (ECs) derived from aorta, coronary artery, and pulmonary artery were cultivated in optimized medium. These cell populations were confirmed by morphologic features, functional assays, and gene expression profiles. Moreover, ECs were plated in a single-cell clonogenic assay to evaluate colony-forming ability. The purpose of this study was to determine whether transient hypoxia had an effect on transforming growth factor beta1 (TGFbeta1)-induced rabbit corneal keratocyte myofibroblast transformation. METHODS: Primary isolated rabbit corneal keratocytes were cultured in a serum-free medium. The effect of transient hypoxia treatment (1% oxygen, 4 h/day) on TGFbeta1 (5 ng/ml)-induced alpha-smooth muscle actin (alpha-SM actin) expression was examined by immunofluorescence, flow cytometry, and immunocytochemistry 72 h after treatment. We found that hypoxia treatment significantly reduced the myofibroblast phenotype and alpha-SM actin expression that was induced by TGFbeta1. To explore the possible mechanism for this effect, we screened for the effects of hypoxia on several early TGFbeta-dependent signaling events including activated pSmad3, CREB (cAMP response element binding) binding protein (CBP), MAPKs (Mitogen-activated protein kinase), and RhoA by co-immunoprecipitation and western blotting. RESULTS: Hypoxia alone increased alpha-SM actin expression and the association of pSmad3 to CBP, but it did not induce the myofibroblast phenotype. The levels of pERK (the extracellular signal-regulated protein kinase) and pSmad3 or the extent of the interaction between pSmad3 and CBP induced by TGFbeta1 were not affected by hypoxia whereas the activation of RhoA induced by TGFbeta1 was significantly reduced. CONCLUSIONS: We conclude that hypoxia can inhibit TGFbeta1-induced corneal myofibroblast transformation and alpha-SM actin expression. Our data show that this inhibition does not occur by altering Smads or MAPK signaling but possibly by reducing the early activation of RhoA. PMC3087167. PURPOSE: To determine the tear oxygen tension under a variety of conventional and silicone hydrogel contact lenses in human subjects. METHODS: Three hydrogel and five silicone hydrogel lenses (Dk/t = 17 to 329) were coated on the back surface with an oxygen sensitive, bovine serum albumin-Pd mesotetra (4-carboxyphenyl) porphine complex (BSA-porphine). Each lens type was placed on the right eye of 15 non-contact lens wearers to obtain a steady-state open eye tear oxygen tension using oxygen sensitive phosphorescence decay of BSA-porphine. A
21693119. The corneal endothelium is responsible for maintaining the hydration of the cornea. This is through a "Pump-Leak" mechanism where the active transport properties of the endothelium represent the "Pump" and the stromal swelling pressure represents the "Leak". For the "Pump", Na , and carbonic anhydrase activity are required. Several basolateral (stromal side) anion transporters, apical (facing the aqueous humor) ion channels and water channels have been identified that could support a model for ion secretion as the basis for the endothelial pump, however evidence of sustained anion fluxes, osmotic gradients or the need for water channels is lacking. This has prompted consideration of other models, such as Electro-osmosis, and consideration of metabolite flux as components of the endothelial pump. Although the conditions under which the "Pump" is supported are known, a complete model of the endothelial "Pump" has yet to emerge. Copyright © 2011 Elsevier Ltd. All rights reserved.
closed-eye oxygen tension estimate was obtained by measuring the change in tear oxygen tension after 5 min of eye closure. In separate experiments, a goggle was placed over the lens wearing eye and a gas mixture (PO 2 = 51 torr) flowed over the lens to simulate anterior lens oxygen tension during eye closure. RESULTS: Mean open eye oxygen tension ranged from 58 to 133 torr. Closed eye estimates ranged from 11 to 42 torr. Oxygen tension under the goggle ranged from 8 to 48 torr and was higher than the closed eye estimate for six out of the eight lenses, suggesting that the average closed eye anterior lens surface oxygen tension is <51 torr. For Dk/t >30, the measured tear oxygen tension is significantly lower than that predicted from previous studies. CONCLUSIONS: The phosphorescence decay methodology is capable of directly measuring the in vivo post lens PO 2 of high Dk/t lenses without disturbing the contact lens or cornea. Our data indicate that increasing Dk/t up to and beyond 140 continues to yield increased flux into the central cornea. -permeability, and HCO 3 -flux across the apical membrane. METHODS: Primary cultures of bovine corneal endothelial cells were established on membrane-permeable filters. Apical CAIV was inhibited by benzolamide or siRNA knockdown of CAIV. Apical CO 2 fluxes and HCO 3 -permeability were determined by measuring pH(i) changes in response to altering the CO 2 or HCO 3 -gradient across the apical membrane. Basolateral to apical (B-to-A) HCO 3 -flux was determined by measuring the pH of a weakly buffered apical bath in the presence of basolateral bicarbonate-rich Ringer solution. In addition, the effects of benzolamide and CAIV knockdown on steady state DeltapH (apical-basolateral compartment pH) after 4-hour incubation in DMEM were measured. RESULTS: CAIV expression was confirmed, and CAIV was localized exclusively to the apical membrane by confocal microscopy. Both 10 microM benzolamide and CAIV siRNA reduced apparent apical CO 2 flux by approximately 20%; however, they had no effect on HCO 3 -permeability or HCO 3 -flux. The steady state apical-basolateral pH gradient at 4 hours was reduced by 0.12 and 0.09 pH units in benzolamide-and siRNAtreated cells, respectively, inconsistent with a net cell-to-apical compartment CO 2 flux. CONCLUSIONS: CAIV does not facilitate steady state cell-to-apical CO 2 flux, apical HCO 3 -permeability, or B-to-A HCO 3 -flux. Steady state pH changes, however, suggest that CAIV may have a role in buffering the apical surface. To definitively determine that the increased permeability is dependent on CFTR, we used a siRNA knockdown approach. Apical Cl -and HCO 3 -permeability and steadystate HCO 3 -flux were measured in the presence or absence of forskolin using cultured bovine corneal endothelial cells that were transfected with CFTR siRNA or a scrambled sequence control. CFTR protein expression was reduced by approximately 80% in CFTR siRNA treated cultures. Forskolin (10 microM) increased apical chloride permeability by 7-fold, which was reduced to control level in siRNA treated cells. CFTR siRNA treatment had no effect on baseline apical chloride permeability. Apical HCO 3 -permeability was increased 2-fold by 10 microM forskolin, which was reduced to control level in siRNA treated cultures. Similarly, there was no effect on baseline apical HCO 3 -permeability by knocking down CFTR expression. The steady-state apical-basolateral pH gradient (DeltapH) at 4h in control cultures was increased approximately 2.5-fold by forskolin. In CFTR siRNA treated cells, the baseline DeltapH was similar to control, however forskolin did not have a significant effect. We conclude that forskolin induced increases in apical HCO 3 -permeability in bovine corneal endothelium requires CFTR. However, CFTR does not have a major role in determining baseline apical chloride or HCO 3 -permeability. -from basolateral (stroma) to apical (anterior chamber) compartments. Apical HCO 3 -permeability can be enhanced by increasing [Ca 2+ ](i). We hypothesized that the bovine calcium-activated chloride channel 1 (bCLCA1), shown previously by PCR screening to be expressed in corneal endothelium, is involved in Ca 2+ activated apical HCO 3 -permeability. bCLCA1 expression in cultured bovine corneal endothelial cells (CBCEC) was examined by in situ hybridization analysis, immunoblotting, immunofluorescence and confocal microscopy. Rabbit polyclonal antibodies were generated using a 14 aa polypeptide (417-430) from the predicted sequence of bCLCA1. The small interference RNA (siRNA) knock down technique was used to evaluate the functional involvement of bCLCA1 in apical HCO 3 -permeability. In situ hybridization confirmed prominent bCLCA1-specific mRNA expression in CBCEC. bCLCA1 antiserum detected the heterologously expressed bCLCA1 in HEK293 cells and a 90kDa band in CBCEC, which was absent when using the pre-immune serum or antigen absorption of serum. Immunofluoresence staining with anti-bCLCA1 antibody and confocal microscopy indicates an apical membrane location in CBCEC. In CBCEC transfected with bCLCA1 specific siRNA, bCLCA1 expression was reduced by 80%, while transfection with siControl scrambled sequence had no effect. Increasing [Ca(i) 2+ ] by application of ATPgammaS or cyclopiazonic acid (CPA) increased apical HCO 3 -permeability in siControl transfected CBCEC, while having no effect on apical HCO 3 -permeability in bCLCA1 specific siRNA transfected cells. Baseline HCO 3 -permeability, however, was not different between controls and siRNA treated cells. We conclude that the calciumactivated chloride channel (bCLCA1) is expressed in bovine corneal endothelial cells and can contribute to Ca 2+ dependent apical HCO 3 -permeability, but not resting permeability, across the corneal endothelium. Free PMC Article The purpose of this study, was to determine whether hypoxia preconditioning can protect corneal stromal cells from UV stress and cytokine mediated apoptosis. Two models were implemented. First, primary cultured bovine corneal fibroblasts were preconditioned with 0.5-1.5% O2 for 4 hr and stressed with UV-irradiation or stimulation of Fas receptor. Second, bovine eyes were preconditioned with 0.5% O 2 for 4 hr and stressed by epithelial scraping to induce anterior keratocyte apoptosis. Cell fate was analyzed at 4 hr after stress using quantitative TUNEL or condensed nuclei assays. Cell apoptotic rates in hypoxia preconditioned groups were significantly lower (50-80%) than that of normoxia control groups. Hypoxia prevented the degradation of the transcription factor HIF-1alpha. CoCl 2 (100-200 microM), a chemical inducer of HIF-1alpha, also produced strong protection against UV and Fas induced apoptosis. Moreover, hypoxia preconditioned media protected cells against UV-induced apoptosis. These findings demonstrate that hypoxia preconditioning has a generalized protective effect against stromal fibroblast and keratocyte apoptosis and suggest that HIF-1alpha mediated expression and secretion of protective factors is involved. 16033767. Free full text Epidermal growth factor (EGF) in corneal epithelial cells stimulates proliferation by inducing capacitative calcium entry (CCE). However, neither the identity nor the mechanism of activation of the plasma membrane influx pathway that mediates CCE is known. Accordingly, we determined, in human corneal epithelial cells, whether or not (i) CCE is dependent upon stimulation of storeoperated channel (SOC) activity, (ii) the canonical transient receptor potential (TRP) protein isoform TRPC4 is a component of such channels, and (iii) suppression of TRPC4 protein expression decreases EGFinduced stimulation of SOC activity and proliferation. The whole cell patch-clamp technique was used to monitor TRPC4-mediated stimulation of SOC activity following intracellular calcium store depletion and induction of CCE. TRPC4 small interfering RNA transfection suppressed TRPC4 protein expression. Reverse transcription-PCR and Western blot analysis were used to assess knockdown efficiency of mRNA and protein expression. HThymidine incorporation was used to evaluate EGF-induced mitogenesis. Ca 2+ transients were measured by single-cell fluorescence imaging. TRPC4 knockdown decreased mRNA and protein expression by 89 and 87%, respectively. In these cells, EGF-induced SOC activation elicited by intracellular calcium store depletion was obviated; 2) EGF-induced CCE fell by 76%; 3) EGF-induced stimulation of SOC activity was eliminated; and 4) EGF-induced increases in proliferation fell by 54%. Thus, TRPC4 is a component of SOC in human corneal epithelial cells whose activation by EGF is requisite for an optimum mitogenic response to this growth factor. 15978249. We previously found that activation of purinergic receptors mobilizes Ca 2+ and enhances bicarbonate transport in bovine corneal endothelial cells (BCEC). Since transient receptor potential channel 4 (TRPC) has been reported to be a candidate for capacitative calcium entry (CCE) and receptor operated calcium entry (ROC), we examined the expression of TRPC4 and evaluated the potential involvement of TRPC4 in CCE or ROC in BCEC. The C-terminus of TRPC4 was fused into the glutathione Stransferase (GST) expression vector. The fusion protein GST-TRPC4c was induced in bacteria and purified by affinity chromatography. An antibody was raised in rabbit by using the purified GST-TRPC4c antigen. In Western blotting, the TRPC4 antibody recognized the fusion protein while the pre-immune IgG did not. The TRPC4 antibody recognized a band at around 80 kD for membrane proteins from both the fresh and cultured BCEC. The pre-immune IgG could not detect bands at the same size. Incubation with the TRPC4c antigen abolished the 80 kD band. Immunofluorescence using the TRPC4 antibody stained both fresh and cultured BCEC, while pre-immune IgG did not. RNAi knocked down the expression of TRPC4 in cultured BCEC. Ca 2+ entry induced by the purinergic receptor agonist ATP, was increased in TRPC4-siRNA transfected cells compared with the scrambled siRNA control, while Ca 2+ entry induced by store depletion through blocking the endoplasmic reticulum Ca 2+ pump, did not differ between the siRNA and scrambled siRNA-treated cells. Taken together, these results show that TRPC4 protein is expressed in the bovine corneal endothelial cells and may be a negative regulator in ROC stimulated by purinergic activation, but not by store depletion itself. ](i). RT-PCR indicated the presence of A(1) and A(2b) adenosine receptors, while A(2a) and A(3) were negative. Western blot (WB) confirmed the presence of A(2b) ( approximately 50 kDa) and A(1) ( approximately 40 kDa) in fresh and cultured BCE. Ten micromolar adenosine increased [cAMP](i) by 2.7-fold over control and this was inhibited 66% by 10 microm alloxazine, a specific A(2b) blocker. A(1) activation with 1 micromN(6)-CPA (a specific A(1) agonist) or 100 nm adenosine decreased [cAMP](i) by 23 and 6%, respectively. Adenosine had no effect on Ca 2+ (i) mobilization. Indirect immunofluorescence localized A(2b) receptors to the lateral membrane and A(1) to the apical surface in cultured BCE. Adenosine significantly increased apical Cl -permeability by 2.2 times and this effect was nearly abolished by DMPX (10 microm), a general A(2) blocker. Adenosine-induced membrane depolarization was also inhibited by 33% (n=6) in the presence of alloxazine. Bovine corneal endothelium expresses functional A(1) and A(2b) adenosine receptors. A(1), preferentially activated at <1 microm adenosine, acts to decrease [cAMP](i) and A(2b), activated at >1 microm adenosine, increase [cAMP](i). 15764604. In this study, we cloned and characterized a human gene homologous to the apoptosisinducing factor (AIF), which is named AIF-like (AIFL). Human AIFL has 598 amino acids, with a characteristic Rieske domain and a pyridine nucleotide-disulfide oxidoreductase domain (Pyr_redox). AIFL shares 35% homology with AIF, mainly in the Pyr_redox domain. Reverse transcriptase-PCR analysis showed the expression of AIFL mRNA in all tissues tested, i.e. brain, colon, heart, kidney, liver, lung, muscle, ovary, pancreas, placenta, small intestine, and testis. We developed antibodies against human AIFL using fusion proteins as antigens. The antibodies specifically recognized the antigen and heterologously expressed AIFL proteins. The expression of AIFL proteins in human tissues was also ubiquitous, demonstrated by immunohistochemistry in tissue array slides. Subcellular fractionation and immunofluorescence staining studies revealed that AIFL is predominantly localized to the mitochondria. Similar to AIF, overexpression of AIFL induced apoptosis, as shown by increased cytoplasmic nucleosomes and subdiploid cell populations in AIFL-transfected cells. The segment 1-190 containing the Rieske domain induced apoptosis, whereas the segment containing the Pyr_redox domain did not contribute to the pro-apoptotic function. The mitochondrial membrane potential of cells transfected with AIFL was significantly more depolarized than that of the control. AIFL transfection-induced cytochrome c release and cleavage of caspase 3. Furthermore, the pan-caspase inhibitor Z-VAD-fmk inhibited AIFL induced apoptosis. In summary, AIFL induces apoptosis in a caspase-dependent manner when heterologously expressed. cotransporter. We examined whether the NBC1 cotransporter contributes significantly to basolateral or apical HCO 3 -permeability and whether the cotransporter participates in transendothelial net HCO 3 -flux in cultured bovine corneal endothelium. NBC1 protein expression was reduced using small interfering RNA (siRNA). Immunoblot analysis showed that 5-15 nM siRNA decreased NBC1 expression by 80-95%, 4 days posttransfection. Apical and basolateral HCO 3 -permeabilities were determined by measuring the rate of pH(i) change when HCO 3 -was removed from the bath under constant pH or constant CO(2) conditions. Using either protocol, we found that cultures treated with NBC1 siRNA had sixfold lower basolateral HCO 3 -permeability than untreated or siCONTROL siRNA-treated cells. Apical HCO 3 -permeability was unaffected by NBC1 siRNA treatment. Net non-steady-state HCO 3 -flux was 0.707 +/-0.009 mM.min(-1).cm(2) in the basolateral-to-apical direction and increased to 1.74 +/-0.15 when cells were stimulated with 2 muM forskolin. Treatment with 5 nM siRNA decreased basolateral-to-apical flux by 67%, whereas apical-to-basolateral flux was unaffected, significantly decreasing net HCO 3 -flux to 0.236 +/-0.002. NBC1 siRNA treatment or 100 muM ouabain also eliminated steady-state HCO 3 -) flux, as measured by apical compartment alkalinization. Collectively, reduced basolateral HCO 3 -permeability, basolateral-to-apical fluxes, and net HCO 3 -flux as a result of reduced expression of NBC1 indicate that NBC1 plays a key role in transendothelial HCO 3 -flux and is functional only at the basolateral membrane. 15499266. PURPOSE: To determine the refractive and corneal topographic recovery after the use of reverse-geometry contact lenses for overnight orthokeratology. METHODS: Both eyes of 15 subjects were fitted with reverse-geometry contact lenses that were worn by the subjects for 1 month. Uncorrected visual acuity, refractive correction (sphere and spherical equivalent), corneal curvature, and corneal thickness were measured during this time and for 2 weeks after discontinuation of lens wear. RESULTS: Ten subjects completed the investigation. Uncorrected visual acuity, refractive correction, and corneal curvature had changed significantly (P = 0.01) after 1 month of lens wear. By the end of 1 month, central corneal thickness was significantly thinner than the baseline value (P = 0.01), but it recovered fully after one night of no lens wear. Recovery of corneal curvature was complete 1 week after lens wear was discontinued. Refractive correction and binocular uncorrected visual acuity recovered fully after 2 weeks. Monocular uncorrected visual acuity remained significantly (P = 0.01) different from baseline acuity 2 weeks after lens discontinuation. CONCLUSIONS: Full effect of overnight orthokeratology in low myopes is achieved within 1 week of initiating use of reverse-geometry lenses. Recovery after short-term use of reverse-geometry lenses is rapid for corneal thickness and corneal curvature. Refractive correction and binocular uncorrected visual acuity recovered fully after 2 weeks. Monocular uncorrected visual acuity was the slowest to recover and had not achieved full recovery after 2 weeks. -from basolateral (stromal) to apical (anterior chamber) sides of the tissue. In this study we asked if Na + /HCO 3 -cotransporter (NBC-1) protein expression and functional activity are present in freshly isolated human corneal endothelium. Immunoblot analysis using a polyclonal antibody to NBC-1 showed a single band at approximately 130 kDa. Indirect immunofluorescence indicated that NBC-1 is expressed on the basolateral, but not apical side of human corneal endothelium. RT-PCR was used to determine whether the kidney or pancreatic isoform of NBC-1 is expressed. Using the specific primers for pNBC and kNBC isoforms, RT-PCR showed that only pNBC could be detected in human corneal endothelium. The product was cloned and confirmed by sequencing. Full-length NBC-1 was also cloned from human corneal endothelium. This clone (hcNBC) is 100% identical to the longer, more common form of NBC [pNBC; 1079 amino acids (aa); 122 kDa in human heart, pancreas and prostate]. To test for functional activity of NBC-1, freshly isolated endothelium was loaded with the pH sensitive fluorescent dye BCECF and HCO 3 -fluxes were measured. HCO 3 -fluxes were Na + -dependent, electrogenic and H(2)-DIDS sensitive. We conclude that the long isoform of the sodium bicarbonate cotransporter (pNBC-1) is expressed on the basolateral side of fresh human corneal endothelium (hcNBC). The shorter form, kNBC, could not be detected. As in bovine corneal endothelium, hcNBC is instrumental in loading HCO 3 -into endothelial cells from the basolateral membrane. 12861107. PURPOSE: To achieve an optimal fit with reverse geometry Contex OK lenses and to determine a time course for and the stability of visual and corneal changes in achieving maximal refractive, corneal curvature, and corneal thickness changes after overnight wear of OK B and D series lenses. METHODS: This investigation was conducted under a Food and Drug Administration IDE G000059. Both eyes of 10 subjects were fitted with the lenses, and uncorrected visual acuity, refractive correction, contrast sensitivity, corneal curvature, and corneal thickness were measured at baseline and at 1 day, 1week, 1 month, and 3 months after lenses were worn. Except for baseline, data were collected at four different times during the day, immediately following lens removal and 4, 8, and 12 hours after lens removal. RESULTS: The results from eight subjects showed that uncorrected visual acuity, refractive correction, contrast sensitivity, and corneal curvature all changed significantly (P=0.01) overnight. By the end of 1 week, all corneal and visual changes had reached a maximal level and remained fairly stable during the day. These changes were sustained at 3 months. The epithelial thickness data from four subjects showed that the corneal ; discussion S26-9, S192-4. PubMed PMID: 12772721. PURPOSE: To examine if the variability in hypoxic corneal swelling in non-contact lens wearing and contact lens wearing groups can be explained by the variability in corneal metabolic activity or endothelial function. METHODS: Corneal thickness was measured by Orbscan before and after 2 hours of closed-eye hydrogel lens wear. De-swelling rates (percentage recovery per hour) were determined by continued corneal thickness measurements until open-eye steady-state thickness was reached. Corneal oxygen consumption was estimated by measuring tear oxygen tension while wearing hydrogels of known oxygen transmissibility. The change in stromal pH because of hypoxia was measured by ratio fluorescence of stromal fluorescein. RESULTS: Corneal swelling was inversely correlated with open-or closed-eye tear oxygen tension while wearing the test hydrogels. Corneal swelling was directly correlated with the change in stromal pH during hypoxic lens wear. Unexpectedly, corneal swelling was also inversely correlated with the percent recovery per hour. These parameters could not explain all the swelling variability. The contact lens wearing group showed significantly less swelling and change in stromal pH with the same lenses. However, percent recovery per hour and tear oxygen tension was the same. CONCLUSION: Corneal swelling is associated with corneal metabolic activity and endothelial function; however, other factors must also be involved. Contact lens wearers do not adapt by modifying oxygen consumption but probably by using glucose more efficiently. A change in corneal pH during eye closure, while wearing the hydrogels, was used as a measure of hypoxic acidosis. Associations between corneal swelling and endothelial cell density or corneal epithelial thickness were also tested. RESULTS: There were modest but significant (P < 0.05) correlations between thick-lens corneal swelling and thick-lens closed-eye PO 2 (r = -0.36); thin lens corneal swelling and thin-lens closed-eye and open-eye PO 2 (r = -0.40 and -0.39, respectively). Corneal swelling also increases with increasing Q(C) (r = + 0.29 to + 0.33). Corneal swelling was associated with the decrease in pH during lens wear (r = + 0.30 and + 0.20 for thick and thin lenses, respectively). Thick-and thin-lens corneal swelling was significantly associated with percentage of recovery per hour (r = -0.40 and -0.34, respectively). Multiple regression analysis of corneal swelling with PO 2 and percentage of recovery per hour suggested an additive effect, however the effects were not significant. There was a modest inverse association between corneal swelling and OESS, however there were no associations between corneal swelling and endothelial cell density or epithelial thickness. CONCLUSIONS: The variability in contact lens-induced corneal swelling is associated with both corneal metabolic activity (Q(C) and pH) and endothelial function (percentage of recovery per hour). Our interpretation is that individuals with larger Q(C) produce more lactic acid (i.e., more swelling) whereas stronger endothelial function resists swelling. The modest correlations, however, suggest that other factors also are involved in explaining the phenomenon of corneal swelling. Water is driven into the cornea across the epithelial and endothelial cell layers by the stromal swelling pressure. This fluid leak into the cornea is counterbalanced by the corneal fluid pump, which is predominantly attributed to the ion and fluid transport capacity of the endothelial cell layer. Primary and secondary active transport mechanisms are responsible for generating a net ion flux from the stromal to anterior chamber side of the endothelium; however, the identity and location of all the components of this transport system are not known. The endothelial fluid pump is dependent on the presence of Cl -and HCO 3 -, and can be slowed by carbonic anhydrase inhibitors. A number of anion transport mechanisms have been identified and characterized in the endothelium, including basolateral Na + /2HCO 3 -cotransport, Na
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-cotransport, Cl -/HCO 3 -exchange, and apical anion channels permeable to both Cl -and HCO 3 -. Furthermore, there is evidence for a carbonic anhydrase mediated CO 2 -diffusive mode of apical HCO 3 -flux. These findings are incorporated into a new model of transendothelial anion transport, which suggests that there are a number of alternate pathways for anion transport. There have been few studies on activation of signal transduction pathways that could stimulate endothelial fluid transport. Interestingly, recent studies show that multiple autocrine signaling pathways are in place that could be upregulated during physical stimulation and may be responsible for maintaining basal levels of fluid secretion. , respectively. Activation of apical Cl -permeability by 5 microM genistein was increased synergistically by HCO 3 -over that due to genistein and HCO 3 -alone. We conclude that HCO 3 --stimulated sAC is a form of autocrine signaling that contributes to baseline cAMP production, thereby affecting baseline CFTR activity in BCEC. This form of autocrine signaling may be important in tissues that express sAC and exhibit robust HCO 3 -influx (e.g., ocular ciliary epithelium, choroid plexus, and airway epithelium). We sought to develop a direct, noninvasive measurement of tear oxygen tension behind soft contact lenses, and to use the tear oxygen tension data to determine if subjects with greater corneal oxygen consumption experience more corneal edema under hypoxic conditions. The relationship between tear oxygen tension and corneal thickness was also analyzed to determine if thicker corneas have higher metabolic rates. METHODS: Tear oxygen tension measurement was based on the quenching of a phosphorescent dye by oxygen. By coating a soft contact lens with the dye and placing it in the eye, the rate of decay of phosphorescence could be measured and the tear oxygen tension calculated. Corneal oxygen consumption could then be calculated from the tear oxygen tension. Central corneal swelling was measured after 3 hours of hypoxia induced by contact lens wear under closed-eye conditions. RESULTS: Seven right eyes of seven subjects were tested. Baseline central corneal thickness ranged from 517 to 616 microns. After 3 hours of hypoxia, central corneal swelling ranged from 24.5 to 74.3 microns (3.9% to 13.4%). Steady-state open-eye tear PO2 behind the lens varied between 42.7 and 67.1 torr Pearson correlation suggested possible inverse relationship between open-eye tear oxygen tension and central corneal swelling during hypoxia (r = -0.711, p = 0.0734). CONCLUSIONS: Phosphorescent-based measurements provided a measure of tear oxygen tension in human beings. Low tear film oxygen tensions (high corneal metabolic demand) appeared to predict greater amounts of swelling in subjects' corneas. No relation was found between corneal thickness and tear oxygen tension, suggesting that epithelial and endothelial metabolic rates are more important than stromal thickness in determination of corneal oxygen demand. -and the activity of carbonic anhydrase (CA)-II and -IV, the cytoplasmic and membrane-bound CAs, respectively. This study was conducted to examine the inhibition of CA activity in cultured bovine corneal endothelial cells (BCECs) by dorzolamide, a topical CA inhibitor used in glaucoma therapy. METHODS: BCECs were grown on glass coverslips and then perfused with HCO 3 --free Ringer's. The inward flux of CO 2 was induced by exposure to CO 2 -HCO 3 -Ringer's and the opposing outward flux by returning to HCO 3 --free Ringer's. Consequent transients in intracellular pH (pH(i)) were measured using the pH-sensitive fluorescent dye 2',7'-bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein (BCECF). During the inward flux of CO(2,) the maximum rate of change of pH(i) was taken as a quantitative measure of the overall CA activity in BCECs. RESULTS: Exposure to CO 2 -HCO 3 -Ringer's led to a transient decrease in pH(i) (component A), followed by a rapid increase to a new steady state (component B). However, when the CO 2 -HCO 3 -Ringer's was removed, the pH(i) increased transiently -(associated with components C, B, and D, respectively) was not dose dependent. Cells that were exposed to 500 nM of the drug for longer than 30 minutes did not show a significantly greater inhibition of any of the components. Dorzolamide and acetazolamide (500 microM) did not show additive inhibition of any of the components (P = 0.13; n = 6). CONCLUSIONS: Dorzolamide significantly inhibits CA activity in BCECs at micromolar levels. Because these levels are encountered in the cornea and aqueous humor after topical administration, dorzolamide may compromise corneal hydration control, especially when the functional reserve of corneal endothelium is low. Dorzolamide does not appear to accumulate in the cells, because the inhibition of CA-II did not increase after prolonged exposure to the drug. ](i)) equivalent to approximately 79% of the peak response to uridine triphosphate (UTP), a P2Y agonist (n = 19). The endothelium of the freshly isolated cornea also produced [Ca 2+ ](i) transients similar to those in cultured BCECs; however, the peak [Ca 2+ ](i) increase was smaller ( approximately 43% of the peak response to UTP; n = 13). In cultured BCECs, the response to UTP was unaffected by pretreatment with GPN with extracellular calcium ([Ca 2+ ](o)) at 0 and 1.2 mM (n = 10). Neither pretreatment with thapsigargin (5 microM) nor with U73122 (a phospholipase C inhibitor; 10 microM) blocked the peak GPN response (n = 6). Exposure to 20 microM monensin produced a [Ca 2+ ](i) increase with [Ca 2+ ](o) at 0 and 1.2 mM and also reduced the subsequent peak response to GPN (n = 6). CONCLUSIONS: GPN-sensitive lysosomal Ca 2+ stores, distinct from Ins(1,4,5)P(3)-sensitive Ca 2+ stores, are found in both cultured cells and fresh tissue. These stores are susceptible to depletion by the loss of the pH gradient across lysosomes and P2 agonists. The latter occurs through mechanisms independent of phospholipase C (PLC) activation or Ins(1,4,5)P(3 -sensitive dye Fura-2. Qualitative changes in membrane potential (E(m)) were measured with a voltage-sensitive dye. RT-PCR using calcium-activated chloride channel (CLCA)-specific primers was used to examine the expression of CLCA in the corneal endothelium. RESULTS: The adenoceptor agonist adenosine (20 M) enhanced HCO 3 -permeability by a factor of 2. Forskolin (40 microM) exerted a 6.3-fold increase of HCO 3 -permeability, which was inhibited by the Cl -channel blockers, glibenclamide (50 microM) and niflumic acid (100 microM). Adenosine triphosphate (ATP) and ATPgammaS, P(2) receptor agonists that increased intracellular Ca(2+) in corneal endothelium, enhanced HCO 3 -permeability by 87% and 79%, respectively. ATPgammaS induced depolarization of the E(m), consistent with anion channel activation, rather than activation of Ca Recently, it has been shown that mRNA for the cystic fibrosis transmembrane conductance regulator (CFTR) is expressed in the corneal endothelium; however, protein expression, functional localization, and a possible role in HCO transport have not been reported. Immunoblotting for CFTR showed a single band at approximately 170 kDa for both freshly isolated and primary cultures of bovine corneal endothelial cells. Indirect immunofluorescence confocal microscopy indicated that CFTR locates to the apical membrane. Relative changes in apical and basolateral chloride permeability were estimated by measuring the rate of fluorescence quenching of the halide-sensitive indicator 6-methoxy-N-ethylquinolinium iodide during Cl -influx in the absence and presence of forskolin (FSK). Apical and basolateral Cl -permeability increased 10-and 3-fold, respectively, in the presence of 50 microM FSK. FSK-activated apical chloride permeability was unaffected by H 2 DIDs (250 microM); however, 5-nitro-2-(3-phenylpropyl-amino)benzoic acid (NPPB; 50 microM) and glibenclamide (100 microM ) inhibited activated Cl -fluxes by 45% and 30%, respectively. FSK-activated basolateral Cl -permeability was insensitive to NPPB, glibenclamide, or furosemide but was inhibited 80% by H 2 DIDS. HCO permeability was estimated by measuring changes in intracellular pH in response to quickly lowering bath HCO. FSK (50 microM) increased apical HCO permeability by twofold, which was inhibited 42% by NPPB and 65% by glibenclamide. Basolateral HCO permeability was unaffected by FSK. Genistein (50 microM) significantly increased apical HCO and Cl(minus sign) permeability by 1.8-and 16-fold, respectively. When 50 microM genistein was combined with 50 microM FSK, there was no further increase in Cl -permeability; however, HCO permeability was reduced to the control level. In summary, we conclude that CFTR is present in the apical membrane of bovine corneal endothelium and could contribute to transendothelial Cl -and HCO transport. Furthermore, there is a cAMPactivated Cl -pathway on the basolateral membrane that is not CFTR. -814). In the current study, a combinatorial approach was taken to investigate the mechanism of CCE in corneal endothelial cells. Induction of cytochrome P-450s by beta-naphthoflavone (BN) enhanced CCE measured by Sr 2+ entry after store depletion. 5,6-Epoxyeicosatrienoic acid (5,6-EET), a proposed CIF generated by cytochrome P450s (Rzigalinski, B. A., Willoughby, K. A., Hoffman, S. W., Falck, J. R., and Ellis, E. F. (1999) J. Biol. Chem. 274, 175-182), induced Ca(2+) entry. Both BN-enhanced CCE and the 5,6-EET-induced Ca 2+ entry were inhibited by the CCE blocker 2-aminoethoxydiphenyl borate, indicating a role for cytochrome P-450s in CCE. Treatment with calyculin A (CalyA), which causes condensation of cortical cytoskeleton, inhibited CCE. The actin polymerization inhibitor cytochalasin D partially reversed the inhibition of CCE by CalyA, suggesting a secretion-like coupling mechanism for CCE. However, CalyA could not inhibit CCE in BN-treated cells, and 5,6-EET caused a partial activation of CCE in CalyA-treated cells. These results further support the notion that cytochrome P-450 metabolites may be CIFs. The vesicular transport inhibitor brefeldin A inhibited CCE in both vehicle-and BN-treated cells. Surprisingly, Sr 2+ entry in the absence of store depletion was enhanced in BN-treated cells, which was also inhibited by 2-aminoethoxydiphenyl borate. An integrative model suggests that both CIF from cytochrome P-450 metabolism and secretion-like coupling mechanisms play roles in CCE in corneal endothelial cells. To devise a procedure for direct estimation of corneal oxygen consumption in human subjects. METHODS: Tear oxygen tension (PO 2 ) was measured at the posterior surface of two standard hydrogel contact lenses (38% water, 0.2 and 0.06 mm thick, oxygen transmissibility [Dk/t] = 4.2 and 14 x 10(-9) cm x mL O2/mL x sec x torr) and one newly available hydrogel-silicone polymer lens (Dk/t = 99 x 10(-9)). The oxygen-sensitive dye, Pd-meso-tetra (4-carboxyphenyl) porphine, bound to bovine serum albumin, was incubated with the lenses overnight. The lenses, coated with the protein-dye complex, were placed on four subjects' eyes, and tear PO 2 was measured in the open eye and after 5 minutes of eye closure, using a time-domain phosphorescence measurement system. Given the tear PO 2 , lens Dk/t, and corneal thickness, oxygen consumption (Q(C), in mL O2/cm(3) x sec) could be calculated from established oxygen diffusion models. RESULTS: Protein-dye complex bound to the lens surface enabled reporting of tear PO2 for long periods. As expected, estimated tear PO 2 was higher in subjects wearing lenses with higher Dk/t: mean open-eye PO 2 = 30.6 +/-3.1 and 8.1 +/-1.3 torr for the thin and thick hydrogel lenses, respectively, and 97.6 +/-22.9 torr for the hydrogelsilicone lens. After 5 minutes of eye closure, tear PO 2 was significantly reduced and reached a new steady state in approximately 20 seconds after eye opening. Fitting a single exponential model to the data and extrapolating to t = 0 provided an estimate of PO 2 under the closed lid for the thin hydrogel (PO 2 = 7 +/-2.3 torr) and the hydrogelsilicone lens (PO 2 = 22.6 +/-4 torr). After 5 minutes of eye closure with the thick hydrogel lens, tear PO2 remained constant for approximately 10 seconds after eye opening (mean PO 2 = 3.9 +/-0.7) before increasing to a new steady state. This delay could be accounted for by the time needed for oxygen to diffuse to the posterior surface of the lens. Calculated Q(C) ranged from 2.2 x 10(-4) to 3.7 x 10(-6) mL O 2 /cm(3) x sec) at the highest and lowest PO2s, respectively, and is comparable to previous in vitro and in vivo estimates. CONCLUSIONS: Tear PO 2 behind hydrogel lenses can be measured in human subjects using the phosphorescence of the porphyrin-protein complex bound to the lens surface. The method is simple, fast, reliable, and noninvasive, allowing quick and direct estimates of Q(C). In addition to contact lens wear, this method should be useful for examining the effects of disease, surgery, or topical drugs on the corneal oxygen consumption rate. 11402373. PURPOSE: Chloride and bicarbonate are necessary for maintenance of fluid transport by the corneal endothelium, however there is little information on the identity of anion transport proteins that could serve as anion efflux mechanisms in endothelial cells. Therefore, we ask whether mRNA for the anion transport related proteins, CFTR, CLC-2, ClC-3, ClC-5 and AE2, are expressed in human, bovine or rabbit corneal endothelium. METHODS: RT-PCR was performed for CFTR, CLC-2, ClC-3, ClC-5 and AE2 using total RNA from fresh human, bovine and rabbit corneal endothelium as well as cultured bovine corneal endothelial cells (CBCEC). Specificity of PCR products was confirmed by sequencing. RESULTS: RT-PCR analysis gave positive bands at the predicted size for CLC-3 and CLC-5 from fresh human, rabbit and bovine as well as CBCEC. However, for CLC-2, no band was apparent around the predicted size from fresh and cultured corneal endothelium. A band at the predicted size was obtained for CFTR from fresh human, rabbit and bovine endothelium, as well as from CBCEC. RT-PCR analysis for AE2 produced specific bands from fresh human, rabbit and bovine corneal endothelium, but no positive band was obtained from CBCEC. Sequencing analysis further confirmed the identities of CLC-3, CLC-5, CFTR and AE2 in corneal endothelium. CONCLUSIONS: CFTR, CLC-3 and ClC-5 are expressed in fresh and cultured corneal endothelial cells. However, consistent with previous immunoblots studies, AE2 is only expressed in fresh corneal endothelium. These results have implications for modeling possible apical anion efflux mechanisms in corneal endothelium. PURPOSE: Corneal endothelial fluid transport is dependent on HCO 3 -and CO 2 fluxes. CO 2 permeability (P:CO 2 ) measurements in an oocyte expression system and in reconstituted proteoliposomes have suggested that the water channel AQP1 can transport CO 2 . An AQP1 knockout mouse model, however, showed no evidence for CO 2 transport through AQP1 in erythrocytes or lung. Because HCO 3 -and CO 2 fluxes are essential to endothelial function, the current study was conducted to determine whether AQP1 expression levels in confluent cultures of bovine corneal endothelial cells (BCECs) affects membrane PCO 2 . METHODS: BCEC endogenous AQP1 expression was reduced by antisense oligonucleotide (AO) transfection or adenoviral antisense-AQP1 (AV) infection. AQP1 was overexpressed by adenoviral sense-AQP1 (SV) infection, which directs expression of recombinant AQP1. RESULTS: Expression of AQP1 and osmotic water permeability (control P(f) = 0.046 +/-0.005 cm/sec) were reduced 45% and 36.5%, respectively, by AO transfection and reduced 67% and 49%, respectively, by AV infection. SV infection induced a more than threefold overexpression of AQP1 but showed only a 37% increase in P(f). Adenoviral empty virus (EV) infection did not change AQP1 expression or P(f). PCO 2 was determined by measuring the rate of intracellular pH decrease after exposure to CO 2 /HCO 3 --rich solutions, as measured by the pH-sensitive fluorescent dye 2',7'-bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein (BCECF). Apparent PCO 2 of BCEC (0.0036 +/-0.00023 cm/sec) was not different among control, oligonucleotide-transfected, and adenoviral-infected cells. P(f) could also be reduced more than 50% by 3 to 5 minutes' exposure of control cells to 0.5 mM p-chloromercuriphenylsulfonic acid (pCMBS), but this had no effect on rates of intracellular pH decrease. CONCLUSIONS: AQP1 does not contribute to PCO 2 in corneal endothelial cells. -cotransporter (NBC) in corneal endothelium and possibly corneal epithelium; however, molecular identification and membrane localization have not been reported. To test whether NBC is expressed in bovine cornea, Western blotting was performed, which showed a single band at approximately 130 kDa for freshly isolated and cultured endothelial cells, but no band for epithelium. Two isoforms of NBC have recently been cloned in kidney (kNBC) and pancreas (pNBC). RT-PCR was run using cultured and fresh bovine corneal endothelial and fresh corneal epithelial total RNA and specific primers for kNBC and pNBC. RT-PCR analysis for pNBC was positive in endothelium and weak in epithelium. The RT-PCR product was subcloned and confirmed as pNBC by sequencing. No specific bands for kNBC were obtained from corneal cells. Indirect immunofluorescence and confocal microscopy indicated that NBC locates predominantly to the basolateral membrane in corneal endothelial cells. Furthermore, Na + -dependent HCO 3 -fluxes and HCO 3 --dependent cotransport with Na + were elicited only from the basolateral side of corneal endothelial cells. Therefore, we conclude that pNBC is present in the basolateral membrane of both fresh and cultured bovine corneal endothelium and weakly expressed in the corneal epithelium. Corneal endothelial function is dependent on HCO 3 -transport. However, the relative HCO 3 -permeabilities of the apical and basolateral membranes are unknown. Using changes in intracellular pH secondary to removing CO 2 -HCO 3 -(at constant pH) or removing HCO 3 -alone (at constant CO 2 ) from apical or basolateral compartments, we determined the relative apical and basolateral HCO 3 -permeabilities and their dependencies on Na + and Cl -. Removal of CO2-HCO 3 -from the apical side caused a steady-state alkalinization (+0.08 pH units), and removal from the basolateral side caused an acidification (-0.05 pH units). Removal of HCO 3 -at constant CO 2 indicated that the basolateral HCO 3 -fluxes were about three to four times the apical fluxes. Reducing perfusate Na + concentration to 10 mM had no effect on apical flux but slowed basolateral HCO 3 -flux by one-half. In the absence of Cl -, there was an apparent increase in apical HCO 3 -flux under constant-pH conditions; however, no net change could be measured under constant-CO 2 conditions. Basolateral flux was slowed approximately 30% in the absence of Cl -, but the net flux was unchanged. The steadystate alkalinization after removal of CO 2 -HCO 3 -apically suggests that CO 2 diffusion may contribute to apical HCO 3 -flux through the action of a membrane-associated carbonic anhydrase. Indeed, apical CO 2 fluxes were inhibited by the extracellular carbonic anhydrase inhibitor benzolamide and partially restored by exogenous carbonic anhydrase. The presence of membrane-bound carbonic anhydrase (CAIV) was confirmed by immunoblotting. We conclude that the Na -or Cl -Ringer, respectively. Since SPQ fluorescence is quenched to different extents by these anions, their influx or efflux causes significant changes in fluorescence. The ratio of the maximum rate of change of fluorescence during the pulse period under hyposmotic conditions to that under isosmotic conditions, referred to as the enhancement ratio (ER), was calculated as a measure of the increase in anion permeability. When cells were perfused with NO3-Ringer, exposure to I-pulses yielded an ER=9.0+/-2.6 for 110+/-5 mosmhyposmotic shock. This was higher than with Cl In all cases, the enhancement occurred within approximately 100 seconds after swelling but decreased with continued progress of regulatory volume decrease (RVD). ER returned to approximately 1 within 4 minutes after returning to isosmotic conditions. The membrane potential (Em) depolarized immediately after hyposmotic shock. When cells were depolarized prior to the shocks by high K + , changes in Emwere relatively small. ER, for the NO 3 -/I-anion-pair, was significantly reduced by DIDS (100% at 500 microm), NPPB ( approximately 80% at 100 microm) and tamoxifen (approximately 85% at 12 microm). Tamoxifen and NPPB also inhibited swelling induced depolarization. Increasing cationic conductance with Gramicidin D at approximately 2 minutes following hyposmotic shock induced NPPB-inhibitable secondary swelling or accelerated RVD under normal or low Na + conditions, respectively. These results demonstrate that BCEC express swelling activated Cl-channels, which facilitate RVD by enhancing anionic permeability and also by providing a favorable electrical gradient for K + efflux. Copyright 1999 Academic Press.
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Harvitt DM, Bonanno JA. pH dependence of corneal oxygen consumption.
Invest Ophthalmol Vis Sci. 1998 Dec;39(13):2778-81. PubMed PMID: 9856790. PURPOSE: To determine whether corneal acidosis, which occurs during contact lens wear, alters corneal O 2 consumption (QO 2 ) and if so, whether increased ion transport activity could contribute to altered QO 2 during acidosis. METHODS: PO 2 was measured, using the phosphorescence quenching of Pd-mesotetra-(4-carboxyphenyl) porphine, in an airtight chamber that held a trephined rabbit cornea. The rate of change in chamber PO2 was used as a measure of QO2. QO2 was measured at pH 7.5 and then at either pH 6.7, 7.1, or 7.3. Measurements of QO2 at pHs 7.5 and 6.7 were repeated in the presence of 0.5 mM amiloride and 0.5 mM ouabain. RESULTS: When pH was changed from 7.5 to 6.7, 7.1, or 7.3, O2 consumption increased by a factor of 1.80+/-0.11 (+/-SE), 1.65+/-0.12, and 1.44+/-0.06, respectively. Amiloride (0.5 mM) and ouabain (0.5 mM) inhibited 50% and 65%, respectively, of the increase in QO 2 at pH 6.7. CONCLUSIONS: Corneal acidosis leads to increased QO 2 in a dose-dependent manner. The increased QO 2 is in part secondary to the activation of pH regulatory mechanisms, including Na -transport. METHODS: BCECs grown on permeable supports were used for independent perfusion of apical and basolateral surfaces. Intracellular pH (pHi) was measured using the fluorescent dye BCECF. Relative changes in Em were measured using the fluorescent dye bis-oxonol. Western blot analysis was used to detect immunoreactivity against the anion exchanger (AE1 or AE2).
RESULTS: Cl-removal from apical and basolateral surfaces produced cellular alkalinization (apical side, 0.07 pH units; basolateral side, 0.06 pH units; both sides, 0.20 pH units). Application of 100 microM H2-4,4'-diisothiocyanatodihydrostilbene-2,2'-disulfonic acid (DIDS), an anion exchange inhibitor, on the apical side produced an alkalinization (0.02 pH units) followed by acidification (-0.05 pH units), whereas basolateral H2DIDS caused a substantial acidification (-0.16 pH units). In the absence of Na + , Cl -removal from the apical side caused a transient alkalinization (0.03 pH units) followed by a return to baseline; Cl -removal from the basolateral side caused a small (-0.03) acidification. In Na + -free Ringer, apical H2DIDS produced a transient alkalinization (0.02 pH units), whereas basolateral exposure had no effect. 5-Nitro-2-(3-phenylpropylamino)benzoic acid (NPPB), N-phenylanthranilic acid (DPC), and niflumic acid (50-200 microM), known Cl-channel blockers, produced cellular acidification in control Ringer. Niflumic acid hyperpolarized Em and inhibited depolarization after Clremoval. Western blot analysis failed to detect AE2 expression in cultured BCECs. However, fresh BCECs produced a trace response. CONCLUSIONS: Physiological activity of an apical anion exchanger is weak in cultured BCECs. Cultured BCECs have significant Cl -conductance. Thus, cellular alkalinization after Cl -removal is caused primarily by depolarization of Em, which drives HCO 3 -influx through the basolateral electrogenic Na+:nHCO 3 -cotransporter. In contrast with cultured BCECs, AE2 may be present in fresh cells. . RESULTS: Exposure of cultured cells to uridine 5'-triphosphate (UTP), 2-methyl-thio ATP (msATP) and ATP caused biphasic changes in [Ca2+]i consisting of a peak followed by a plateau phase. Based on the peak responses to 100 microM agonist, the magnitude of UTP responses were similar to that of ATP but greater than that of msATP or ADP. UTP and msATP stimulated Mn This study describes a quantitative analysis of the enhancement in anion permeability through swelling-activated Cl -channels, using the halide-sensitive fluorescent dye 6-methoxy-N-(3-sulfopropyl)quinolinium (SPQ). Cultured bovine corneal endothelial monolayers perfused with NO 3 -Ringer's were exposed to I -pulses under isosmotic and, subsequently, hyposmotic conditions. Changes in SPQ fluorescence due to I -influx were significantly faster under hyposmotic than under isosmotic conditions. Plasma membrane potential (Em) was -58 and -32 mV under isosmotic and hyposmotic conditions, respectively. An expression for the ratio of I -permeability under hyposmotic condition to that under isosmotic condition (termed enhancement ratio or ER) was derived by combining the Fluorophotometry can be used to quantify changes in epithelial permeability (Pdc), corneal pH, and tear exchange (T95; time to deplete 95% of a fluorescent dye from beneath a contact lens) associated with contact lens wear. Using fluorometric procedures, we present previously reported data in order to review the effects of contact lens wear on Pdc and pH. We also introduce a new method for measuring tear exchange beneath a soft contact lens and present preliminary data. METHODS: Pdc was assessed on 32 subjects after 1 h of closed-eye soft contact lens wear. Stromal pH was assessed on 21 subjects wearing lenses with a range of different oxygen transmissibilities (Dk/L). T95 was assessed on 7 subjects who wore disposable lenses. Pdc estimates were derived by measuring the rate at which topically applied fluorescein crossed the epithelial barrier from the tears; corneal pH was quantified by alternately exciting a fluorescein-loaded cornea with two wavelengths of blue light and calculating the fluorescence intensity ratio (490/450 nm), which is pH-sensitive; and the T95 was estimated by applying 2 microliters of FITC-Dextran to the posterior surface of a soft contact lens and the monitoring the exponential decay of dye under the lens.
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RESULTS: On average, 1 h of closed-eye contact lens wear caused a 41% increase in Pdc compared to the control eye. Corneal pH varied directly with a decrease in Dk/L. On average the T95 under contact lenses (mean = 29 min) was slow compared to normal rates with no lens (approximately 5 min). CONCLUSIONS: Fluorophotometry can be used to quantify some interesting effects associated with contact lens wear, and the use of these techniques may provide new information about the impact of contact lens wear on corneal structure and function.
Harvitt DM, Bonanno JA. Oxygen consumption of the rabbit cornea. Invest
Ophthalmol Vis Sci. 1998 Feb;39(2):444-8. PubMed PMID: 9478006. PURPOSE: Tear oxygen tension beneath contact lenses, measured in a previous study, was found to be lower than mathematical model predictions. In this study, the authors developed a phosphorescence-based technique for measuring corneal O 2 consumption (QO 2 ) to determine whether errors in previous determinations of QO 2 could explain the discrepancy between measured and predicted tear oxygen tension. METHODS: Corneal oxygen consumption is measured using the phosphorescence quenching of Pd-meso-tetra-(4-carboxyphenyl)porphine by oxygen. Oxygen tension of a pH 7.5 Ringer's solution is measured in an airtight chamber that holds an excised rabbit cornea, and QO 2 is calculated from the decreased PO 2 in the stirred chamber solution. QO 2 rates are measured for the whole trephined rabbit cornea with the epithelium, the endothelium, or both, removed, which makes possible the estimation of the consumption rates of the epithelium, stroma, and endothelium. RESULTS: Control experiments indicated that the cornea QO 2 was constant for 3 hours and that exposure to 2,4-dinitrophenol increased QO 2 . Mean QO 2 rates (microliters of O 2 /cm 2 per hour) were: whole cornea, QO 2 = 7.53; epithelium, QO 2 = 3.73; stroma, QO 2 = 2.97; and endothelium, QO 2 = 0.86. CONCLUSIONS: Phosphorescence-based measurements can be used to determine the QO 2 of the component layers of the cornea. Estimates of QO 2 in this study were similar to previous measurements, indicating that the discrepancy of tear PO 2 measures and model predictions are not a result of errors in the QO 2 measurements at pH 7.5. 9348454. PURPOSE: Hypoxic corneal swelling in human subjects is reduced by CO 2 induced corneal acidosis. We investigated whether this effect could be explained by a reduction in lactate production under acidic conditions. METHODS: Lactate production from isolated bovine corneas was assayed under normoxic and hypoxic conditions at normal pH (7.5) and low pH (7.05). Low pH was achieved using a CO 2 /HCO 3 -Ringer or a HEPES buffered Ringer. RESULTS: Normoxic corneas produced significantly less (approximately 25%) lactate under all acidic conditions. In contrast, hypoxic corneas produced the same or slightly less lactate under acidic conditions (weighted average of all conditions = 6% less lactate).
Sarroca
CONCLUSIONS: From these results, we concluded that pH can have a substantial effect on lactate production, but its influence on glycolytic activity during hypoxia is suppressed and may be negligible. . There were six rabbits in each group, except for the soft lens C group, which had seven rabbits. After overnight lens wear, the corneal surface was irrigated with a corneal irrigation chamber to collect surface cells before exposure to a bacterial suspension (1 x 10(7) CFU/mL) for 30 minutes. The number of bacteria adherent to the residual corneal surface was then assessed by CFU determination. Cells collected from the corneal surface (9 mL) were incubated with 1 mL bacterial suspension containing 10(8) (CFU/mL) for 30 minutes. The number of bacteria adherent to shed cells was assessed by staining with acridine orange and direct counting by epifluorescence microscopy.
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RESULTS: The differences in the number of bacteria adhering to shed epithelial cells between the treated and the control eyes were 2.90 +/-1.20 and 0.23 +/-0.41 for rigid lenses A and B, respectively, and 5.97 +/-1.54, 3.67 +/-2.32, and 0.90 +/-1.45 (bacterial/cell) for soft lenses A, B, and C, respectively. Overnight contact lens wear induced a significant increase in bacterial binding to shed corneal epithelial cells for rigid lens A and for soft lenses A and B. There were significant differences among lens groups (P = 0.00017, ANOVA), with significant differences between rigid lenses A and B, soft lenses A and C, and soft lenses B and C. The binding of bacteria to shed cells was significantly correlated with the binding of bacteria to the residual corneal surface, both confirming and extending previous results (R = 0.78, P < 0.001).
CONCLUSION: These results demonstrate a positive correlation between P. aeruginosa adherence to shed corneal cells and to the residual corneal surface in the rabbit eye following contact lens wear. In light of the results from prior animal studies, examination of the behavior of P. aeruginosa binding to exfoliated cells appears to be a promising and valid method for future assessment of similar lens-induced increases in bacterial binding in prospective human clinical studies. METHODS: The basis of the tear oxygen tension (PO2) measurement is phosphorescence quenching of Pd-meso-tetra-(4-carboxyphenyl) porphine by oxygen. A fiber-optic bundle, positioned approximately 2 mm from a cuvette or from the corneal surface, delivers an excitation flash (< 4 microseconds, 539 +/-23 nm) and collects the phosphorescence emission (> 645 nm) of the dye at 1 MHz for 2 ms. Porphine (500 microM) + 1% albumin is instilled directly into the tears of a sedated rabbit, and phosphorescence is measured before and after contact lens insertion. RESULTS: Phosphorescence intensity decay lifetimes are related inversely to PO2 and follow the Stern-Volmer relationship. Calibration control experiments revealed a temperature effect on lifetime of 1% per degree, dye concentration independence over a 100-fold dilution, and no significant pH effect between 6.8 and 7.9. Phosphorescence lifetimes indicated that tear PO2 beneath contact lenses reached steady state within 3 to 8 minutes. Mean steady state tear PO2 (mm Hg +/-SE; N > 7) beneath contact lenses was: polymethylmethacrylate (Dk/L = 0), tear PO2 = 0.58 +/-0.22; Oxyflow f30 (Dk/L = 15.3), tear PO2 = 27.7 +/-3.4; Fluorex 700 Dk/L = 30), tear PO2 = 52.5 +/-3.8; Oxyflow 151 (Dk/L = 51.9), tear PO2 = 78.7 +/-23.9. Steady state tear PO2 beneath an Oxyflow f30 after application of topical anesthetic and 10 minutes of lens wear was 41 +/-1.2 mm Hg, significantly higher than without anesthetic. CONCLUSIONS: Phosphorescence-based measurements allow the direct, sensitive, and noninvasive assessment of oxygen availability beneath a contact lens. Oxygen levels beneath permeable contact lenses found by direct measurement are significantly lower than what mathematical models predict. The measured values, however, are close to PO2 estimates using the equivalent oxygen percentage (EOP) technique. Tear PO2 measurements may be used to examine metabolic disturbances as shown by reduced oxygen consumption rates after application of topical anesthetic.
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Comment in Direct noninvasive measurement of tear oxygen tension beneath gas-permeable contact lenses in rabbits. [Invest Ophthalmol Vis Sci. 1996] 58. Bonanno JA. Contact lens induced corneal acidosis. CLAO J. 1996 Jan;22(1):70-4. Review. PubMed PMID: 8835073. PURPOSE: Changes in pH in the corneal epithelium, stroma, endothelium and aqueous humor following contact lens wear were evaluated. METHODS: Intracellular pH, stromal pH, and aqueous humor pH were measured either in vivo or in vitro in humans and in rabbits using pH-sensitive fluorescent dyes. Fluorescence was measured before and during lens wear using a slit lamp fluorimeter (in vivo experiments) or a microscope fluorimeter (in vitro experiments). RESULTS: The pH of corneal epithelium, stoma epithelium and aqueous humor decreased significantly with lenses up to Dk/L = 100. Hypoxia had large effects on the corneal epithelium and stroma, but had no effect on the endothelium or aqueous. Conversely, carbon dioxide accumulation caused significant acidosis in all compartments measured. CONCLUSIONS: Corneal acidosis during contact lens wear is significant under a variety of wearing conditions and, thus, must be considered when evaluating the morphological or functional changes that occur following long-term contact lens wear. Corneal acidosis has been shown to reduce corneal hydration control (CHC) as measured by the rate, expressed as the percent recovery per hour (PRPH), at which the thickness of the cornea decreases exponentially after an increased hydration load. Since the effect of pH on corneal function is of scientific interest and may have clinical implications, we explored the relationship between pH and PRPH in greater detail by examining the effect of different stromal pH levels on corneal hydration control. Corneal edema was induced using a 90-min exposure to wearing a hypoxic contact lens (CL). Following removal of the CL, random assignment over four eye-test combinations of either 0, 3, 5, and 7% CO2 were made while pH and corneal thickness were monitored using slit lamp fluorophometry and optical pachometry to measure corneal pH and corneal thickness, respectively. From these measurements we determined the pHdose/PRPH relationship. The average stromal pH +/-1SD resulting from exposure to either the 0, 3, 5, and 7% CO2, was 7.65 +/-0.11, 7.30 +/-0.09, 7.15 +/-0.08 and 7.04 +/-0.07 (p < 0.001), respectively. Analysis based on a quadratic model of the doseresponse relationship between PRPH and corneal pH indicates that PRPH is relatively unchanged for pH in the physiological range (pH = 7.40-7.65) and then decreases notably below the physiological range. This phenomenon could be due to a combination of effects involving disruption of intracellular pH regulation, reduced gradients for diffusion of CO 2 , substrate limitation to HCO 3 -transport systems or direct inhibition of membrane HCO 3 -transport. We examined the effects of the carbonic anhydrase inhibitor, Acetazolamide (ACTZ), on intracellular pH (pHi) and HCO 3 -transport in cultured bovine corneal endothelium. The pHi was measured utilizing the pH sensitive fluorescent dye, BCECF. Na+:HCO 3 -cotransport and Cl -/HCO 3 -exchange activities were studied by measuring the HCO 3 --dependent flux of Na + and Cl -, respectively. Na + and Cl -fluxes were measured using the ion-sensitive dyes SBFI and SPQ, respectively. Application of 100 or 500 microM ACTZ to cells perfused under HCO 3 --rich conditions, significantly reduced steady-state pHi by 0.06 +/-0.01 (n = 14, P < 0.05). ACTZ also eliminated rapid pHi transients due to CO2 diffusion, significantly slowed the initial rate of pHi changes (50 +/-10% of control, n = 7, P < 0.05) secondary to Na + :HCO 3 -cotransport or Cl -/HCO 3 -exchange (37 +/-1% of control, P < 0.05, n = 7). However, the flux of the cotransported ions, Na + and Cl -, and the steady-state levels of these ions were not affected by ACTZ. We conclude that the drop in steady-state pHi, the elimination of CO 2 induced pHi transients and the slowed pHi changes secondary to HCO 3 -transport were due to inhibition of cytosolic carbonic anhydrase by ACTZ, i.e. slowing the equilibrium among CO 2 , HCO 3 -and H + and not due to limitation of substrate availability or direct inhibition of the membrane transporters. In this study, we tested whether lens wear can cause endothelial acidosis as well. Rabbit corneas were isolated and perfused in vitro. The endothelial intracellular pH (pHi) was measured with a pH sensitive fluorescent probe (BCECF). Three conditions were examined: 1) Polymethylmethacrylate (PMMA) and rigid gas-permeable (RGP) contact lens wear using a range of oxygen transmissibility (Dk/L) from 0 to 121, 2) epithelial hypoxia produced by exposure to oligomycin/sodium azide solution or epithelial perfusion with 100% N 2 equilibrated Ringer's solution, and 3) epithelial exposure to Ringer's equilibrated with 5% CO 2 , balance air. PMMA and RGP contact lens wear acidified endothelial cells by 0.23 +/-0.01 (n = 23) and 0.11 +/-0.01 pH units (n = 23), respectively, within twenty min of lens insertion. Epithelial hypoxia, induced by sodium azide and oligomycin, reversibly acidified the endothelium by 0.04 +/-0.01 pH units (n = 4). However, epithelial hypoxia induced by perfusion with 100% N 2 equilibrated Ringer's did not have a significant effect on endothelial pHi. Introduction of 5% CO 2 to the epithelium, acidified the endothelium by 0.15 +/-0.02 pH units (n = 7) within 10 min. We conclude that contact lens wear can significantly acidify corneal endothelial cells. The endothelial pHi change is caused almost exclusively by a build up of CO 2 behind the lens; hypoxia having very little contribution. As expected, RGP contact lenses induced less endothelial acidosis than PMMA controls. Proton coupled lactate transport across the rabbit corneal endothelium was studied using a pH-sensitive intracellular fluorescent probe. Functional indications that lactate transport is carrier-mediated and coupled to H + at the apical endothelium (aqueous humor facing) that were found were: (1) proton influx was a saturable function of lactate concentration; (2) L-lactate produced a faster maximal H+ influx and had a higher affinity for the transporter (Vmax = 1.6 mM min-1, apparent K1/2 = 31 mM) than its optical isomer, D-Lactate (Vmax = 0.9 mM min-1, apparent K1/2 = 59 mM); (3) the lactate-induced acidification was inhibitable by apical mersalyl acid. These results are consistent with the presence of an apical lac-:H + cotransporter. On basolateral addition of lactate to a de-epithelialized cornea, the endothelial cells transiently acidified by 0.05 units, but then alkalinized by 0.07, 0.02 units over baseline. The basolateral lactateinduced acidification was inhibited by 75% by mersalyl acid, while the net alkalinization observed under control conditions was unaffected. The alkalinization was Na + -dependent yet amiloride-insensitive. Alkalinization on addition of basolateral lactate could also be inhibited by apical mersalyl. These results suggest that the acidification represents lactate influx through basolateral Lac-:H + cotransport while the net alkalinization is due to basolateral Na + -dependent lactate uptake and lactate efflux through apical Lac-:H + cotransport. These facilitated transport mechanisms could provide for the efficient removal of lactate from the highly glycolytic cornea. Free full text PURPOSE: Based on contact lens-induced stromal acidification of the cornea, it has been suggested that the corneal epithelial and endothelial cells also become acidotic during contact lens wear. This alleged acidification may have a role in altered cell appearance and metabolism during contact lens wear. This study investigated the effects of anoxia, carbon dioxide retention, and contact lens gas transmissibility on the epithelial and aqueous humor pH in living rabbits. METHODS: Epithelial intracellular pH (pHi) and aqueous humor pH were fluorophotometrically measured with a pH sensitive-dye (BCECF) during contact lens wear or exposure to various gas mixtures. RESULTS: Polymethylmethacrylate (PMMA) lens wear acidified epithelial cells by preventing CO 2 efflux and by inducing hypoxia. Increasing lens oxygen transmissibility decreased epithelial acidification. After initiation of rigid, gas-permeable (RGP) lens wear or CO 2 -air exposure, pHi dropped transiently and then recovered partially. This recovery of pHi was not observed during anoxia, whether induced by PMMA lens wear or exposure to 100% N 2 . The aqueous humor also acidified during PMMA lens wear, a phenomenon not observed during RGP lens wear. Changes in aqueous pH were smaller, slower, and delayed when compared to their epithelial counterparts. CONCLUSIONS: Hypoxic contact lens wear acidifies the corneal epithelium and aqueous humor. The aqueous humor pH change indicates a probable endothelial acidification during hypoxic contact lens wear; the pH changes are caused by two separate and additive effects, CO 2 retention and hypoxic acidosis. Increases in the oxygen transmissibility of the lens decrease the cellular acidosis, which might minimize cellular complications arising from contact lens wear. We estimate that a lens with an oxygen transmissibility (Dk/L) of 300 x 10(-11) (cm/sec)(ml O 2 /ml x mm Hg) is needed to prevent epithelial pHi changes in the open eye. In contrast, lenses with Dk/L as low as 18 x 10(-9) (cm/sec)(ml O 2 /ml x mm Hg) can prevent aqueous humor pH changes. 8125747. PURPOSE: Studies have shown that stromal acidosis reduces the rate of corneal thickness recovery after induced edema, providing the first human in vivo evidence that corneal pH can influence corneal hydration control. This finding raises the question of the possible effect that pH may have on induced corneal swelling. To explore this question, the corneal swelling response to hypoxia was measured while stromal pH was controlled. METHODS: Corneal edema and stromal acidosis was induced in ten subjects by passing a mixture of nitrogen and carbon dioxide gas across the eyes through tightfitting goggles. One eye of each subject received 100% N 2 , whereas the contralateral eye received a mixture of 95% N2 and 5% CO 2 . Exposures of 95% N2 + 5% CO 2 lower pH on average to 7.16 versus 7.34 for 100% N 2 alone. Before and after 2.5 hours of gas exposure, central corneal thickness (CCT) was measured. RESULTS: Eyes exposed to the lower pH environment (eg, N2 + CO 2 ) developed less change in CCT compared to the eyes receiving N 2 alone. Overall increase in CCT was 29.9 +/-5.3 microns for eyes exposed to the 95% N 2 + 5% CO 2 gas mixture, versus 37.1 +/-4.8 microns for 100% N 2 eyes (P < 0.0001). CONCLUSIONS: The corneal swelling response to hypoxia can be reduced by lowering stromal pH. Because changes in corneal pH alone have not been found to alter steady-state CCT, it is proposed that pH exerts its effect only under non-steady-state conditions (ie, corneal swelling and deswelling). This suggests that acidosis may produce changes in the rate of lactate metabolism or alter endothelial hydraulic conductivity. A detailed comparison of intracellular pH (pHi) regulatory mechanisms was made between fresh (FBCE) and cultured (CBCE) bovine corneal endothelium to: (1) identify the ion transport mechanisms that could directly or indirectly affect transendothelial HCO3-transport; and (2) determine if cultured cells could serve as a model for studying transendothelial bicarbonate transport. We used the pH-sensitive fluorescent probe BCECF-AM to measure pHi. FBCE and CBCE readily incorporated the dye and showed pHi calibration curves that were not significantly different with respect to pK (7.39 for FBCE and 7.35 for CBCE). Resting pHi in bicarbonate free Ringer's (pH 7.5) was significantly lower in cultured cells (7.17 +/-.02, n = 50) than in fresh cells (7.30 +/-.02, n = 54). Steady-state pHi was reduced by addition of 0.5 mmol/l amiloride, a Na+/H+ exchange blocker (-.16 pH U for FBCE, -.18 for CBCE) or removal of Na + (-.47 pH U for FBCE, -.51 for CBCE). Recovery from an (NH4)2SO4-induced acid load was blocked by Na + removal, and the rate of recovery was inhibited 74% and 79% in the presence of amiloride for FBCE and CBCE, respectively. The dependence of proton efflux on Na+0 showed simple saturating kinetics (apparent Km = 30 and 31 mmol/l for FBCE and CBCE, respectively), consistent with the presence of Na + /H + exchange in FBCE and CBCE. Na + /H + exchange activity, as measured by amiloride-sensitive acid recovery, was inversely proportional to pHi. The activity in FBCE was about twice that in CBCE. Furthermore, the zero flux point for Na+/H+ exchange was at least 0.1 pH U higher in FBCE. Changing from bicarbonate-free Ringer's to bicarbonate Ringer's (5% CO2/28 mmol/l HCO 3 -, pH 7.5) induced a rapid and short acidification followed by an alkalinization .09 and .18 pH U above the starting pHi for FBCE (final pHi 7.37) and CBCE (final pHi 7.33), respectively. This transition was unaffected by amiloride. Similarly, amiloride had no effect on resting pHi in bicarbonate Ringer's for FBCE or CBCE, indicating that Na + /H + exchange does not contribute to the maintenance of the steady-state resting pHi in bicarbonate Ringer's. Although most of the characteristics of Na + /H + exchange for FBCE and CBCE were similar, the differences in overall activity and the low levels of activity in resting cells must be considered when using CBCE to model ion coupled fluid transport in BCE. 1730534. An estimate of overall corneal hydration control can be obtained by measuring the rate of thickness recovery following induced corneal swelling; it is expressed as the percent recovery per hour (PRPH). This recovery is nearly, but not exactly, exponential, because there appears to be an initial slower recovery phase lasting about 30-40 minutes. This 30-40 minute period of slower recovery corresponds to the time when corneal pH is reduced secondary to the contact lens-induced swelling, suggesting the possibility that stromal acidosis may retard the corneal deswelling process. In this study, we explored the effects of corneal acidosis on hydration control by monitoring corneal recovery under normal and reduced pH conditions. Corneal pH was controlled by having subjects were goggles and exposing their eyes to air (normal pH) or a gas mixture providing 21% O 2 and 7% CO 2 (low pH). Relative corneal pH levels were monitored by measuring fluorescence intensity (FI) ratios, which showed that the average (+/-standard deviation) FI ratio was significantly lower under 7% CO 2 Sections of whole ciliary body dissected from Dutch belted rabbits were incubated with the cell entrappable pH probe BCECEF-AM. This led to a highly specific localization of epifluorescence emission at the exposed, non-pigmented cell layer (npe) of the dual layered epithelium that covers this organ. The BCECF-loaded tissue sections were superfused in a flow-through chamber and the intracellular pH (pHi) of small groups (10-20) of cells was derived from the ratio of the emission intensities derived from excitations at 490 and 440 nm. In CO 2 /HCO 3 -Ringer's, npe pHi = 7.09 +/-0.11. Replacement of CO 2 /HCO 3 -by Hepes increased pHi by 0.22 +/-0.02, indicating alkali secretory activity under the bicarbonate-rich conditions. Replacement of Cl -by gluconate elicited a rapid, 0.6-U increase in pHi. This effect exhibited little dependence on Na+ and was inhibited by 0.5 mM dihydro-4,4'-diisothiocyanatostilbene -2,2'-disulfonate (H 2 DIDS Eye Res. 1990 Jul;9(7):707-12. PubMed PMID: 2170077. The presence of the membrane transport mechanism, lactate-H+ cotransport, was tested in explants of rabbit corneal epithelium. Basal corneal epithelial cells were loaded with the pH sensitive fluorescent dye BCECF. Intracellular pH (pHi) was measured by rationing the fluorescence emission output following excitation at 490 and 440 nm. Perfusion of explants in lactate-containing Ringer's, pH 7.40, produced a reversible decrease in pHi. The lactate induced proton influx (mM/min) followed saturating kinetics, Km = 10.7 mM lactate, Vmax = 10.2 mM/min. Proton influx following addition of 10 mM lactate was inhibited 36, 60 and 47% by pre-perfusion in 1 mM CHC (cyanohydroxycinammic acid), 500 microM H2DIDS (4,4'-diisothiocyanato-dihydrostilbene-2,2'-disulfonic acid) and 1 mM LAIE (lactic acid isobutylester), respectively. These inhibitors of lactate-H+ cotransport were reversible. Mersalyl acid (500 microM) inhibited proton flux from 10 mM lactate addition by nearly 100%, but was irreversible. Stimulation of lactate production by perfusion in N2 equilibrated Ringer's (hypoxia) or the addition of 1 mM NaCN led to a slow alkalinization (0.1 pH unit in 10 min). Pre-perfusion with the reversible inhibitors slowed the hypoxic alkalinization by approximately 40%. It is concluded that lactate-H + cotransport is present in the corneal epithelium and that it contributes to pHi regulation during hypoxia. The mechanism of chloride uptake at the basal membrane (stromal side) of rabbit corneal epithelium was examined by observing the effects of ion transport inhibitors and ion concentrations on the stimulated epithelial short-circuit current (Isc). Loop diuretics inhibited the theophylline-stimulated peak and sustained Isc. Treatment with 4,4'-diisothiocyanostilbene-2,2'-disulfonic acid (DIDS, 0.2 mM) and/or 5-(N,Ndimethyl)amiloride (0.1 mM) as well as the potent anion exchange inhibitor, 5c + [(2,3,9,9a-tetrahydro-1H-fluoren-7-yl)oxy]acetic acid (0.01 mM), had no significant effect on Isc. These results are consistent with Cl-uptake by a Na 2547642. Intracellular pH (pHi) was measured in basal corneal epithelial cells from fresh corneal explants using the pH sensitive fluorescent dye 2',7'-bis(2-carboxyethyl)-5(6)-carboxyfluorescein (BCECF). The overlying superficial and wing cells were removed by mechanical scraping to expose basal cells attached to their basal lamina. Tissue pieces with attached, dye-loaded basal cells were mounted in a microscope-stage-perfusion chamber which allowed rapid changes of Ringer's bathing solutions while measuring BCECF fluorescence. In NaCl-Ringer's (bicarbonate free). pHo 7.40, resting cell pHi was 7.34 +/-0.03 (+/-S.E.M., n = 31). Buffering capacity measured by NH4Cl treatment was 31 mM pH at pHi 7.34 and increased with decreasing pHi. Recovery from 20 mM NH4Cl-induced acid loads was dependent on the presence of Na and inhibited by 1 mM amiloride. Adding amiloride to resting cells caused a slow, reversible acidification (0.04 pH units min-1). These results indicate the presence of Na:H exchange, its role in responding to acid loads and in maintaining resting cell pHi. Activation of Na:H by Nao showed simple saturation kinetics, with Km = 44 mM. Net proton efflux via Na:H exchange increased with decreasing pHi and was enhanced by depleting cells of Nai, suggesting roles for both pHi and Nai in control of Na:H activation.
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75. Bonanno JA, Polse KA. Effect of rigid contact lens oxygen transmissibility on stromal pH in the living human eye. Ophthalmology. 1987 Oct;94(10):1305-9. PubMed PMID: 3120074. Corneal stromal pH was measured fluorometrically in nine human subjects after 1.5 hours of eye closure while wearing hard gas permeable contact lenses. Six lens types providing a wide range in oxygen transmissibilities (Dk/L)O2 from 0.15 to 55.0 X 10(-9) (cm ml O 2 /seconds of ml mmHg) were used. Stromal pH upon opening the eyes was directly related to (Dk/L)O 2 and ranged from 7.01 to 7.26. These pH values were all significantly lower than the control (no lens), which had a pH of 7.38 (P less than 0.005).
After eye opening (lens still on) stromal pH increased and reached a new steady-state (range, 7.11-7.45) in approximately 30 minutes; however, these pH levels were still below the control (no lens) (pH 7.54; P less than 0.005). The rate of pH change after eye opening also increased directly with (Dk/L)O 2 . The authors conclude that the lenses presently available provide insufficient gas exchange to prevent alteration of corneal pH and suggest that the measurement of stromal pH may provide a sensitive index for evaluating the metabolic effects of contract lens wear. PubMed PMID: 3114167. The effects of tear-film hypoxia and contact lens wear on human in vivo stromal pH was tested using a non-invasive fluorometric technique. Hypoxia was produced by exposing the normal open eye to 100% nitrogen gas passed through tight-fitting goggles. Stromal pH dropped from 7.53 +/-0.02 to 7.34 +/-0.03 (n = 12, +/-SD) within 90 min of nitrogen gas exposure, t1/2 = 20 min. After removing the goggles, stromal pH returned to baseline in 35 min, t1/2 = 10 min. Wearing a thick hydrogel contact lens which caused a tear PO 2 less than or equal to 2 mm Hg with the eyes open, reduced stromal pH from 7.55 +/-0.02 to 7.15 +/-0.04 (n = 12, +/-SD) in 80 min, t1/2 = 9.5 min. After removing the lens, baseline pH was reached in 40 min, t1/2 = 4.5 min. The stromal pH differences between hypoxia (N 2 only) and contact lens wear were not due to differences in tear temperature between the two procedures (contact lens wear 32 +/-1.5 degrees C, goggles 33 +/-1.0 degrees C). However exposing the eye to 95% nitrogen-5% carbon dioxide reduced stromal pH to 7.16 +/-0.05 (n = 7, +/-SD) in 80 min, t1/2 = 8 min, which was similar to that produced during contact lens wear. These experiments show that contact lens wear causes corneal acidosis by: (1) the production of protons from hypoxic metabolism, and (2) the accumulation of carbon dioxide behind the lens due to low lens CO 2 transmissibility. Stromal pH after either 20 or 90 min of eye closure was 7.39 +/-0.01 (n = 12, +/-SEM) and returned to 7.54 within 10-15 min of opening the eye, t1/2 = 3 min. Eye closure was simulated by exposing the eye to a gas mixture of 7.1% O 2 , 6.7% CO 2 , balance N 2 , which was passed through tight-fitting goggles. This gas mixture resulted in a steadystate stromal pH of 7.29 +/-0.02 within 10-15 min, t1/2 = 2.2 min. The time course of the return of stromal pH to open eye levels after removal of the goggles, t1/2 = 2.3 min, was similar to that after eye opening. The extent of the pH change however, was 0.1 pH units greater with the test gas. Exposure of the eyes to 5% CO 2 (CO 2 concentration of blood) and balance air, produced a stromal pH of 7.38 + 0.01 (n = 6, +/-SEM), which closely matches that following eye closure suggesting that conjunctival CO 2 is 5% and is the major component controlling stromal pH when the eyes are closed.
78. Bonanno JA, Polse KA, Goldman MM. Effect of soft lens power on peripheral corneal edema. Am J Optom Physiol Opt. 1986 Jul;63(7):520-6. PubMed PMID: 3740206. The effect of soft lens design (lathe cut, spun cast) and power (-0.75 to -9.00 D) on central and peripheral corneal swelling was analyzed by measuring the change in corneal thickness after 3 h of eye closure and at mid-day during extended wear. Peripheral swelling was less than central for both lathe cut-and spun cast-type lenses. Significant correlations were found between spun cast lens power and central (r = +0.48) or peripheral (r = +0.32) swelling during eye closure. Small differences in swelling occurred with different power lathe cut lenses (r = -0.19). Correlations of midday (open eye) central corneal swelling with lens power were significant for both the spun cast (r = +0.43) and lathe cut (r = -0.53) lenses. However, correlation of peripheral swelling with power was weak. These results indicate that significant lateral diffusion of oxygen and/or epithelial metabolites may be occurring in the cornea between areas of high and low oxygen tension. Central and peripheral corneal thickness changes were measured after 3 hr of eye closure with and without contact lens wear. Spun cast and lathe cut hydrogel extended wear lenses of -1.25, -6.00, and -9.00 D were used. Each of these conditions produced 25 to 50% less swelling in the peripheral than in the central cornea. Central swelling was greater with higher minus spun cast lenses, but not related to the power of the lathe cut lenses. Higher minus lens powers of both lens types produced greater peripheral swelling. Differences between central and peripheral swelling were smaller with the higher minus lenses, indicating little, if any, averaging of tear oxygen tension under the lens when the eyes are closed. The mechanism resulting in less peripheral corneal swelling is likely to be caused by an anatomical "clamping" at the corneal limbus. Though diltiazem has been shown to alleviate vasospastic angina pectoris, its effect on exercise-inducible chronic stable angina has not been objectively studied. Accordingly, the effect of diltiazem was studied in this condition with a placebo controlled doubleblind randomized cross-over protocol at three dose levels (120, 180 and 240 mg/day) during graded treadmill exercise. Three end-points were evaluated: 1) time to onset of angina or fatigue if angina were eliminated; 2) time to 1 mm ST segment depression or fatigue if ST depression were eliminated; and 3) time to termination of exercise (2+ angina or fatigue). All end-points were prolonged at all dose levels. At the highest dose of 240 mg/day, time to onset angina or termination was prolonged from a placebo time of 8.0 +/ 0.9 to 9.8 +/-0.9 minutes (p = < .001); time to ST depression or termination was prolonged from 7.8 +/-0.9 to 9.1 +/-0.8 minutes (p = .007); and time to termination was prolonged from 9.9 +/-0.9 to 10.8 +/-0.8 minutes (p = .02).
